Substrate-specificity of cytochrome P450-mediated detoxification as an evolutionary strategy for specialization on furanocoumarin-containing hostplants: CYP6AE89 in parsnip webworms.
The parsnip webworm, Depressaria pastinacella, is restricted to two hostplant genera containing six structurally diverse furanocoumarins. Of these, imperatorin is detoxified by a specialized cytochrome P450, CYP6AB3. A previous whole-larva transcriptome analysis confirmed the presence of nine transcripts that belong to the CYP6AE subfamily. Here, by examining midgut-specific gene expression patterns we determined that CYP6AE89 transcripts were highly expressed and furanocoumarin-inducible. Computer docking and energy-minimization of a CYP6AE89 model with all six furanocoumarins showed that 5-methoxylated bergapten and 8-methoxylated xanthotoxin had the smallest distances from the heme to the proton-donor residue in the catalytic I-helix, and that the 5,8-dimethoxylated isopimpinellin and bergapten had the smallest energy-minimized distance from the heme oxygen to the furan ring double bond. To evaluate this prediction, we expressed the CYP6AE89 protein in an Escherichia coli system, and used it to detect high catalytic activity against the two mono-methoxylated linear furanocoumarins - bergapten and xanthotoxin - and weak activity against isopimpinellin. Thus, CYP6AE89, like CYP6AB3, is probably specialized for detoxifying only a subset of hostplant furanocoumarins. A maximum-likelihood tree built with six representative lepidopterans with manually annotated cytochrome P450s shows that CYP6AE89 may have evolved much faster than the other CYP6AE proteins, possibly indicative of host selection pressure.